The study is aimed at evaluating the effectiveness of phytoremediation in the management of oil impacted soil in Ekpan communities of Delta state, Nigeria. To do this, the study adopted an experimental research design that involve the use of phytoremediation (carpet grass Axonopus compressus) and nutsedge Cyperus rotundus) in the management of petroleum impacted soil site in Ekpan. This experiment spans for three months periods (one planting season). It involves the treatment of the oil impacted site with different plant species and soil amendments. Laboratory analysis of the soil samples was conducted to determine the effect of phytoremediation and soil amendments on hydrocarbon loss in oil impacted sites. The study revealed that the combined effect of Axonopus sp., Cyperus sp. and oil amendments accounted for 59% reduction in hydrocarbon. However Axonopus sp. and Cyperus sp. accounted for 47% and 48% reduction in hydrocarbon respectively. This shows that though, both plant species can be used successfully as a phytoremediation technique for the reclamation of oil impacted soils, but Axonopus sp. and Cyperus sp. was the most effective when applied with soil amendment (organic and inorganic manure). It is therefore recommended that iindigenous plant species (particularly Axonopus sp. and Cyperus sp.) should be used together with soil amendments in phytoremediation rather than the traditional bioremediation involving the use of microorganism. Oil companies operating in the Niger Delta region of Nigeria are encouraged not only to carry out physical clean-up of oil spills but should also carry out bioremediation to restore the environment back to its natural or near natural state. The methodology adopted in this study could be followed by oil companies to manage oil impacted soils in the Niger-Delta environment in Nigeria and indeed everywhere in the world.
Introduction
The problem of environmental pollution has assumed an unprecedented proportion in many parts of the world [1, 2] , especially in Nigeria and the Niger-Delta region in particular. The Niger-Delta region of Nigeria is characterized by petroleum exploration, exploitation and production activities and hence, daily predisposed to oil pollution of varying magnitudes. The land, water bodies and marshes have become heavily polluted due to accumulation from several years of incipient and perceived pollution of the ecosystem. It is believed according to UN report, that an average riverine dweller of the Niger Delta is exposed to polluted air, polluted water and polluted food, hence facing health hazard resulting to reduced life expectancy [3] . The problem of severe environmental degradation and devastation as a result of oil exploration and exploitation in the Niger-Delta has been very glaring. Reference [4] stated that oil exploration and exploitation have over the last four decades impacted disastrously on the socio-physical environment of the Niger-Delta oil bearing communities, massively threatening the subsistent peasant economy and the environment and hence, the entire livelihood and basic survival of the people. Also this region is bedeviled with this problem perhaps owing to interplay of demographic and socio-economic forces coupled with the various activities that revolve round the exploration for and exploitation of large deposit of crude oil discovered in this region [5] .
Prior to the establishment of Warri Refinery and Petrochemical Company (WRPC) and Pipelines and Products Marketing Company (PPMC) in Ekpan, the adjoining lands of Ekpan were green and forested. Fishing was a lucrative venture and farming rewarding. Today, the story is different. The oil impacted land in Ekpan due to pollution from the oil facilities, mostly caused by sabo-teurs who vandalize oil pipelines, has been rendered unproductive and water bodies polluted. Although physical clean-up is usually carried out by these companies if any spill does occur, but the lands are left bare, without adequate replanting to restore the environment to its natural or near-natural state [6] , this constitutes a major problem as more expanse of land is lost yearly to environmental degradation. The local dwellers in the region in particular are sure to experiencing more acute environmental degradation and devastation in the nearest future, if nothing is done to remedy the already devastated, fragile, and delicate ecosystem. This explains why there is urgent need to employ an efficient, easily managed, cost effective and environmentally friendly technology for the management of oil contaminated soil in Ekpan.
Oil impacted soils have been successfully managed in some parts of the world using various plant species, and this was demonstrated by [7] who opined that plants could be used to remove contaminants from the soil and/ groundwater. Remediation of petroleum contaminated soil can be carried out by different methods including physico-chemical and biological approaches, phytoremediation and bioremediation. Compared to physico-chemical methods, bioremediation is thought to be low cost, low environmental risk but longer time needed. And phytoremediation is thought to be low cost, low environmental risk faster and require shorter time needed [8] . A variety of bioremediation methods have been developed to increase the degradation rate of petroleum in soil. Isolation of effective microorganisms has been well studied before and proved to be effective method in bioremediation of petroleum polluted soil [9, 10] . For example, B. subtilis was proved to be a better hydrocarbon degrader than the other isolates, and the rates of degradation of diesel oil by the isolate at the end of day one, day twelve and day twenty-seven were 5.8 × 10 -4 , 1.83 × 10 -3 and 1.05 × 10 -3 g/h, respectively. In another study, strains were isolated from petroleum polluted soil and identified as Pseudomonas pseudoalcaligenes, Bacillus firmus, Bacillus alvei, Penicillium funiculosum, Aspergillus sydowii and Rhizopus sp., and they removed 79%, 80%, 68%, 86%, 81% and 67% of TPH [1] . Genus Stenotrophomonas, Bacillus, Brevibacillus, Nocardiodes and Pseudomonas were used in combination and give a degradation rate of 67% after only 12 days of treatment [11] . It has been proved that the effectiveness of the mixed consortium was significantly superior to that obtained by individual strains [12] and [13] .
However according to [14] phytoremediation studies has shown that several types of petroleum products and solvents, are degraded faster in the presence of plants in which transpiration of water, oxygen transport, biological stimulation in the root zone and plant uptake of chemicals are thought to be influencing factors [8] . Microbial numbers in the vegetated soil were significantly higher than the unvegetated soils in the rhizosphere [11, 15, 16] . The following species of plants are general used: Sorghum bicolor, Linum usitatissumum [17] , Pannicum, Eleusine indica (L.) Gaerth, Tall Fescue [15] and Phaseolus coccineus [18] . In a plant screening process, ryegrass, sorghum, maize, alfalfa, Bermuda grass, rice, kudzu and beggar ticks were proved to be more effective in degrading petroleum hydrocarbon [19] , especially ryegrass is superior in enhancing hydrocarbon degradation [20] . Compared to other remediation approaches, From the foregoing, it is clear that currently, phytoremediation is used for treating many classes of contaminants, including petroleum hydrocarbon, pesticides, explosives, heavy metals as well as Chlorinated Volatile Organic Compounds-CVOC [19, 21, 22] . Though these methods and processes of preventing, removing and or correcting the negative effects of oil pollutants released into the soil exist but their application in this region has either been poorly implemented or not at all, a situation that is worsening owing probably to claims of lack of virile regulatory bodies and overwhelming dependence of government on crude oil for income. Also, despite these findings oil companies' operating in the region and Nigeria government has glossed over it, probably because of lack of awareness and application in this environment. In fact to them, this management practice has not been tested in most part of Niger Delta especially Ekpan of Delta State. Based on this problem and neglect, this study is set to assess the effectiveness of phytoremediation in the management of oil impacted soil in Ekpan of Delta state, Nigeria.
Methods of Data Collection
The study adopted an experimental research design that involves the use of phytoremediation in the management of petroleum impacted soil in Ekpan. This experiment spans for three months periods (one planting season). It involves treatment of the site with different plant species and soil amendments. Laboratory analysis of the soil samples was conducted to determine the effect of phytoremediation and soil amendments on hydrocarbon loss in oil impacted sites. The experimental plots were subdivided into eight blocks based on the number of treatment for the study. A total of sixteen soil samples were collected for laboratory analysis. One soil samples was collected from each block at the beginning of the experiment and same samples were collected at the end of the experiment for laboratory analysis of TOG, expressed in milligram per kilogram of soil sample (mg/kg).
The petroleum impacted sites used for this research were tilled with the aid of shovels to loosen the soil and also enhance aeration. The tilled soil was then mixed, using rakes; this was to further homogenize the soil in order to create favourable condition for plant growth. The use of rake was also intended to obtain a near uniform concentration of petroleum hydrocarbon in the experimental plots. The cultivated/tilled experimental plots were then sub-divided into eight sub-plots (quadrants) or blocks of about 2.1 m × 1.5 m by means of furrows between the flat ridges. The sub-plots were labelled A -H, based on the number of treatments intended for the study.
The eight sub-plots were subjected to different treatments. Experimental plots labelled "A" were planted with carpet grass (Axonopus compressus) only, without soil amendments. The Plots tagged "B" was treated with nutsedge (Cyperus rotundus) without soil amendments (see Figure 1 ). Plots labelled "C" were planted with both nutsedge and carpet grass without soil amendment. Plots "D" served as control without any treatment. Plots "E" were treated with carpet grass and soil amendments. Plots "F" were planted with nutsedge and soil amendment. Plots "G" were treated with a mixture of nutsedge, carpet grass and soil amendments, while plots "H" were treated with only soil amendments. These treatments were applied in such manner so as to find out the effect of each plant species, the effect of both plant species, the effect of soil amendments, and the combined effect of the three treatments on the reduction of petroleum hydrocarbon in the impacted soil, during the research period.
These plants were selected based on certain features thought to enhance phytoremediation. These include the ability of the plant to survive adverse environmental conditions, fibrous root system and high rate of evapotranspiration to enhance phytostabilization. Thus, Cyperus rotundus and Axonopus compressus were selected. The basic features are discussed below: Cyperus rotundus: it is a perennial plant that may reach a height of up to 40 cm. The names "nut grass" and "nut sedge" (shared with the related species Cyperus esculentus) are derived from its tubers, that somewhat resemble nuts, although botanically they have nothing to do with nuts. The root system of a young plant initially forms white, fleshy rhizomes. Some rhizomes grow upward in the soil, and then form a bulb-like structure from which new shoots and roots grow, and from the new roots, new rhizomes grow. Axonopus compressusz is a perennial, coarseleaved, creeping grass. It grows better on low, wet soils than do other grasses. It will grow well in either sun or shade but is less shade tolerant than St. Augustine and Centipede grass which it resembles. These features enhanced the ability of these plants to remove oil from the spill sites. After land preparation, the plant species for this study (Cyperus rotundus and Axonopus compressus) were transplanted on the respective plots labelled against them. The spacing was 20 cm × 20 cm. This was to ensure proper foliation and fast vegetative ground cover. Both organic and inorganic manures were applied as soil amendments. Soil amendments are organic (Manure) or inorganic (fertilizers) substances added to the soil to improve its fertility and other properties. The potential of mineral fertilizer to improve the productivity of tropical soil has been elaborately investigated. [23] reported that high dose of nitrogen and phosphorus was able to restore the productivity of an eroded alfisol to the original top soil level in southern Nigeria. [13, 23] have also shown that adequate irrigation was necessary to compliment the benefits of added organic fertilizers. Similarly, [13] showed that amendment of contaminated soil with urea enhanced the effect of phytoremediation and the decrease of Cadmium concentration in the soil was more significant. The best effect was demonstrated after application of "ispolin": concentrations of Cd, Cu, Pb, and Zn in the rhizosphere decreased 1.2 -1.4 times as compared with those in the initial contaminated soil (the decrease was statistically significant). Green manure was incorporated at the tillage stage to improve the following soil properties: soil moisture, soil aeration, soil nutrients and soil micro-organisms. Inorganic fertilizer, in the form of Urea, was applies a week before transplanting and two weeks after transplanting. Note however, that not all the plots were subjected to this treatment. Only plots E, F, G and H were treated with soil amendments.
Soil samples were then collected from the petroleum impacted soil in the experimental plots at the surface to a depth of about 12 cm. One random soil sample was collected, with hand-trowel, from each experimental block into beakers, covered with polyethylene bags and secure with elastic rubber band. These soil samples were taken the same day to the laboratory and analysed for TOG at the beginning and repeated at end of the experiment. The result obtained was tabulated. Other parameters, such as loss in TOG, and Percentage loss were then derived from the result of the analysis. grams (5 g) of each of the soil sample was weighed into a beaker. This was carefully turned into a separating funnel. About 2 g of Sodium Chloride Salt (NaCl) was added. 50 ml of Xylene was added carefully. The sample was shaken vigorously by inverting the separating funnel several times. The sample was allowed to settle for about 5 minutes for the partition of the phases to take place. The solvent layer was collected through a funnel containing a filter paper and 10 g of anhydrous Sodium tetraoxosulphate (vi) (Na 2 SO 4 ). The absorbance was measured using UV/Visible Spectrophotometer at a wavelength of 636 nm. The "Blank" was also subjected to the same treatment as the sample. The Oil content in the soil samples were then determined using the formula below.
The following laboratory equipment/apparatus were used by the researcher for this study: Sartorius analytical balance for weighing of soil samples, beakers (100 ml), conical flasks (100 ml), separating funnels (500 ml), retort stands, volumetric flasks (100 ml), filter papers, washbottles, graduated measuring cylinders (100 ml), cuvette, spatula, pH meter (mettler Toledo), latex hand-gloves, tetrachloroethylene, hexane, Ultraviolet (Uv) spectrometer and Fourier Transform Infrared (FTIR) spectrometer. Total Oil and Grease (TOG) in the soil samples collected were analysed with Frontier Transmission Infra Red (FTIR) and Ultra Violet (UV) methods.
TOG Analysis by FTIR:
Oil impacted soil samples were collected and air-dried. About 1gram of soil was placed in a clean beaker and weighed. The soil was then poured into a separating funnel. 20 ml of the solvent (tetrachloroethylene) was added and allowed to settle in a retort stand. After 5 minutes, the supernatant was filtered into a volumetric flask. The extraction was repeated three times (this is a standard laboratory procedure meant to ensure complete extraction of the oil from the impacted soil sample). The extract was made up to 100 ml with the extraction solvent (tetrachloroethylene). A cuvette was filled with the extraction solvent; this was called "blank". The supernatant extracts from each soil samples were then poured into separate cuvettes. The cuvette with blank was first placed in the FTIR chamber to confirm calibration, after which Infrared analysis was run for each sample extract. The analysis of TOG is based on US Environmental Protection Agency (EPA) Methods 413.2 and 418.1 [17] .
where:
x is the concentration of oil and grease in the soil samples (mg/kg); y is the absorbance of the sample less the absorbance of the blank; c is the intercept; and M is the slope.
Results and Discussion
The data collected are presented in Table 1 and discussed below. This study reveals that plants and their associated micro organisms are capable of reducing the concentration of petroleum in an impacted soil. This was determined through the comparison of petroleum hydrocarbon concentration in oil impacted soil before and after the experiments. A comparison of the oil content expressed in terms of TOG (before) mg/kg in the impacted soil before treatment and oil content expressed in terms of TOG (after) mg/kg after treatment with different management TOG Analysis by UV: Soil samples collected before and after the experiment were analysed for Oil content. Before the analysis, the soil samples were air-dried. Five techniques clearly reveals that phytoremediation has reduced the concentration of petroleum from the impacted soil (see Table 1 ). This finding agrees with [21] who reported that phytoremediation can be used to manage soil contaminated with petroleum hydrocarbon.  A 1 -H 1 soil samples from plot A -plot H, in Ekpan experimental plot.  TOG (bt) Total Oil and Grease before treatment.  TOG (at) Total Oil and Grease after treatment. Table 1 revealed that nutsedge (Cyperus sp.) plus carpet grass (Axonopus sp.) plus amendments had about 59% reduction, indicating the highest rate of HC reduction of oil impacted soil. Next was Nut sedge plus soil amendments (54%). Carpet grass plus amendments had a TOG reduction of 53% and the least TOG reduction was found in the control plot with TOG reduction of approximately 17%. Physical observation of the experimental plots before and after phytoremediation clearly revealed that phytoremediation can greatly improve the quality of oil impacted soil. This fact could be seen in Figures 2(a) and (b) . At the end of three months, the concentration dropped to 3201.01 mg/kg, indicating 16.72% loss in TOG. The loss in TOG observed in plot D is due to natural attenuation-the ability of the environment to purify itself [24] . However, there is a difference of 30.41% in oil loss observed between plot A and plot D, this difference is due to the effect of Axonopus sp. in plot A (see Table 1 and Figure 2 ). This finding also agrees with the findings of [25] and [26] , who both observed that higher petroleum This corroborated the view of [27] who reported that grasses accelerate the reduction of naphthalene (petroleum hydrocarbon) in soil compared to unplanted soil. The result from the plot planted with both Cyperus sp. and Axonopus sp. (plot C) indicate the synergistic effect of the two plant species which recorded higher TOG loss than either plots A or B, which were planted with only one plant species. While the plot planted with Cyperus sp. and the plot planted with Axonopus sp. recorded 47.13% and 47.64% reduction in TOG respectively, the plot planted with both species recorded 52.90% (see Table 1 ). This higher reduction in petroleum hydrocarbon shows that there is a synergistic effect. Many studies have shown that mix culture (where it involves micro-organisms) or mix treatment usually result in higher reduction of the contaminant. This finding corroborated with that of [25] who reported that higher hydrocarbon loss was recorded in plot planted with a mixture of grasses. Similarly, [26] reported that a combination of both maize and elephant grass yielded a better alternative in the phytoremediation of a petroleum hydrocarbon contaminated agricultural soil.
This section is set to determine which single plant species was most effective. From the results obtained in table 1, it was observed that Cyperus sp. (nut sedge) planted in plot B was more effective in reducing the level of hydrocarbon in the impacted soil. Cyperus species brought about 47.64% reduction in hydrocarbon compared with Axonopus species (carpet grass) that reduced the hydrocarbon by 47.13%. This could be ascribed to the fact that Cyperus sp. with a more extensive fibrous root system formed a wider rhizosphere, which is known to be the zone of higher microbial activity, thereby resulting in higher degradation of the petroleum in the soil. This corroborated the findings of [24] who reported that ryegrass with fibrous roots was able to reduce the level of petroleum hydrocarbon in contaminated soil by 97%. According to [28] the extensive fibrous root of the Cyperus sp. makes it suitable for phytoremediation [28] , and the ability of Axonopus sp. grass to thrive under low fertility makes it suitable for use on oil impacted soil. [29] (50% for Festuca rubra), [30 (70% for sedge) and [31] ] 
Conclusion
The study has demonstrated that Cyperus sp. and Axonopus sp. can be used as a phytoremediation technique for the reclamation of oil impacted soils. Their usage is more effective when applied together with organic and inorganic manure. It is therefore recommended that apart from physical clean-up of oil spills sites, Axonopus sp. and Cyperus sp. should be used in phytoremediation to restore the environment back to its natural state.
